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GUMMARY A N D  CONCLUSIONS 

Climatic data presented in this study yere collected 
during the 20-year period, 1914 to 1934, within the four 
main vegetational zones, designated as piiion-juniper, 
oakbrush, aspen-fir, and spruce-fir, ranging in elev-ation 
from 5,575 feet to 10,100 feet, on t'he west front of the 
Wasatch Plateau in central Utah. Observations were 
made with standard meteorological ecpipnient by the 
Great Basin branch of tlie Interniount8nin Forest and 
Range Experiment Station, near Ephraini, Utah. The 
United States Weather Bureau cooperated in furnishing 
a number of the inst,rulnents used !li the study. 

and atmospheric temperatures in the four vegetntionul 
zones; soil teniperatures nncl anioiints of soil icoasture in 
the oakbrush, aspen-fir, and spruce-fir zones; extent of 
cloudiness in the piiion-juniper and aspen-fir zones; and 
relative humidity cleterniincttioiis in the aspen-fir zone. 

As shown by these clats, precipita tioii and atniosplieric 
temperatures of the a1 ea \TiXry widelv between vegetational 
zones, owing to differences of .elevation and topography. 
Total annual precipitntion varies from 11.iO inches in the 
piiion-juniper zone on the valley floor, to 29.48 inches in 
the aspen-fir zone near the nilddlc of the plateiiu front, 
and 28.01 inches in the spruce-fir zone at the summit. Of 
these totals, 45 percent, 70 percent, and SO percent, re- 
spectively, is received during the winter season, November 
1 to May 1, in the €arm of snow. The reninintler falls in 
the form of niodernte rains distributed throughout the 
summer season, May 1 to November 1. Summer thun- 
derstorms are interspersed with rainless periods which 
occur during the main growing senson and hare extended 
for 155 clays,. and longer, between occurrences of 0.50 inch 
or more precipitation. 

The month of June, a critical period for plant growth, 
receives the least precipitation in all zones. A secondary 
rainy season occurs during July aiid pzrt of August, 
followed by an extreme dry period that extends into 
October. 

The trend of precipitation for the 34-year period, 1901 
to 1934, inclusiye, a t .  the pifion-juniper zone shows coil- 
siderahle periodic variation characterized by above- m d  
below-normal precipitation. Consecutive years with be- 

Data suniniarized in this report, mclude: Precipit n t 1011 ' 

low-normal precipitation have numbered as many as 12 
during this time. 

Temperatures as high as 101' F. have been recorded in 
the pifion-juniper zone and as low as -30° in the oak- 
brush and aspen-fir zones. 

Tlls grolting season \\ithiin the area is extremely short, 
the frost-free period being only 90 dnys in the oakbrush, 
S7 clays in the aspen-fir, aiid 80 days in the spruce-fir 
zones. 

In view of the limited amount and spornc1i.c nature of 
precipitation and the extremes in atniospheric tempera- 
tures during the short growing season, plans for proper 
mnnagenient of this are:] must recognize the delicate 
balance between this existing climate and tlie vegeta- 
tioiinl cover and provide for mocleritte grazing use slid 
con trolled t iiii her-cutting prn c tices. 

Such a program will maintain an adequate plant cover 
which will guard ngainst serious soil erosion and insure a 
permanent wcLter supply sufficient to meet the needs of 
the adjacent communities. Also, records of the existing 
cliinnte indicate that areas already depleted of plant cover 
cctn be rehnhilitated only by controlled grazing use and 
by plimting forage species especially adapted to withstand 
the drought periods and estreme fluctuations in tempera- 
ture chnracteristic of this nrea. 
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THE GEOMETRICAL THEORY OF HALOS-V 
By EDGAR W. WOOLARD 

[Weather Bureau, Washington, D. C., September 19371 

IMAGES PRODUCED B Y  SIMPLE REFLECTION 

Superimposing figure 7 on the celestial sphere, we have 
figure 17 and formulae D for the calculation of a n  image 
produced by simple reflection from nn arhitarily oriented 
plane with normal inclined a t  any angle +' to the vert#ical. 

D= 1 SO " -2 i, 
cos A'=tan ;i- tan H ,  

sin [=sin - sec N, 
as may be found either directly from formulae z) or by con- 
structing the corresponding special case of figure 17. The 

When the reflecting plane is vertical, $'=go" and 

(D *> D 
A 

H'=H, 
D 

2 2 

rotation of a vertical plane about a vertical axis will there- 
fore distribute the reflected light in a right cone with 
vertical axis :mcl with one of its generators parallel to the 
incident ray; the locus of the images formed by this conical 
dispersion is a sinal1 circle parallel to the horizon. 

b'hen the reflecting plane is horizontal +'=O", i=-90'- 
13; find either from formulae D or directly from figure 7, 

D=2H, 
A'= 180°, @**I 
H'=-H, 

{=O". 
The rotation of a horizontal plane about a vertical axis 
will not disperse the reflected light a t  all, but will merely 
form a vertical iniage as far below the horizon as the source 
is above. 
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IMAGES PRODUCED BY PRISMATIC REFRACTION COMBINED 
WITH I N T E R N A L  REFLECTION 

In the most general case of rejection f r o m  an arbitrary 
plane (figure 11), with the rejracting edge in a n y  position., 
we may use formulae C (figure IS)  except of course that 
the angles D', D, and A will be obtained from formulae I11 

FIGURE 17. Calculation of the image produced by aimplr  rcpcrtima. See formulae D .  8, 
zenith; EME. horizon; S ,  luminary. at a!litnde H r,QP, reflecting,plahe; N ,  pole I J ~  
reilectinP: nlane: 6. image; SS'=D, deviation; A', position angle; r, azimuth: S'X'-H'. 
altitude-of image. S' away from N. 

FORMULAE D 

CALCULATION O F  T H E  IMAGE PRODUCED BY SIMPLE 
REFLECTION 

Parameters: E?; #', O ' S # ~ <  180' 

drgurnent: i, [ 90°-(H+#') I <i<90°. 
Culculation of  D, H', J': 

D= 1SOo--21 away from N 

sin-sin H-cos +' 

#'<'3O0 when normal 
is directed upwtird; $'>90" when directed d u ~ l w a r d .  

(1) 
D 
3 
D (2) cos L4'=- 

c o s ~ c o s  H 

(3) sin €.'=cos D sin H+sin D cos H cos A' 

(4) sin J'= 
sin D sin A' 

cos H' 
[See fig. 17. In the triangle J\'.ZS, the Law of Cosines gives cos J/' 

=cos i sin H f s i n  i cos H cos ZSA7; whencc, solving for cob Z S N ,  
and iisiiig 4'=1S0°-ZZSN and (l) ,  we obtrtin (2). Formulae ( 3 )  
and (4) follow from the Law of Cosine; mid the La\-. of Siiieb, 
respectively, in triaiigle ZSS'. For gi\ en H and $', ~riinimrrm 
value of i occurs when A' happeiis to  lie 011 the s o h  vertical.] 

instead of from I. When #=O' (refructing edge zwticul), 
all that is necessary is to put h=H, --h'=H', D'=[, 
A=A' in I11 (in the same way that formulae A were 
derived from I). Likewise, when $=go" (rf7fimcting edge 
horizontal), wre inny similarly modify formulae B in nccord- 
ance with I11 by using 111-8 in place of B--3 to obtain 
T ' ~ ,  putting h' (given by 111-6) for h in B--6 and B-7, 
replacingB-9 by III-10andB-11 by III-11 toobtain 

D and A, and appropriately modifying B-8 and B- 12 to 
e+@ D' + b <go' 

@*) {={ (18Oo-O) + w ) ,  D' +b>90° 

as shown by figure 18; the resulting collection of formulae, 

FIGURE 18. Calculation of image produced bu rcjmction combined with internal rejlcclion 
r ~ h c n  rcjracting cdqc i s  horizorilal (formulae E ) .  2, eenith; E M E ,  horizon; S,  luminary; 
6 Image, ZRP, principnl plane; D, devi:rtion; -4'. position annle; d,  zenith distance; <, azimuth. 

which may readily be written out explicitly when needed, 
will be referred to as Formulae E. 

When the reJEection occurs j rom a principal plane, formu- 
lae I* replace I11 in the foregoing discussion: With the 
rejrncting edge in any  position, use formulae C except that 
D' is found from 1-5 and the angles D and A from I*. 
Kith Tejracting edge vertical, put h.=H, U'={, A=A', 
HI=-h in I*. With Tejructing edge horizontal, replace 
B-9 by I*--6* and B-11 by I*-7* to  obtain D and A, 
nnd modify B-8 and B-13 in the same way as above; 
the resulting formulae will be referred to as Formulae F. 

The systematic application of formulae A to F, in- 
clusive, to the crystal angles and faces of given forms of 
ice crystals, in all orientations and a t  various altitudes of 
the luminary. will give the loci of the images that can be 
produced by refraction and reflection. The results 
obtained will be presented in succeeding papers. 


